distribution, 70% of children who died from ARIs were in Southeast Asia and Africa. 2 In China, despite the mortality of live births reduced significantly in past decades, ARIs were still the main cause of children mortality. 3 Several studies have reported the prevalence of respiratory viruses causing ARIs in China [4] [5] [6] [7] [8] ; however most of these studies were conducted in developed regions of eastern coastal China. Thus, this paper presents data on the epidemiology of viral etiologies associated with ARIs in Gansu Province, which located in a relatively undeveloped area of China and aims to provide basic data of viral etiologies of ARIs to direct local disease prevention and control.
| METHODS

| Ethical approval
This study was approved by the Ethics Review Committee of Chinese
Center for Disease Control and Prevention (CDC) and all participants were informed of the study objectives, and written consent was obtained from patients or guardians.
| Study design and patient enrollment
From January 2011 to November 2015, active surveillance was conducted for inpatients and outpatients with ARIs in 14 sentinel hospitals in Gansu province of China. Considering the capacities of surveillance, these sentinel site were chosen very carefully. The surveillance protocol developed by Chinese CDC, including patient enrollment, data and specimen collection; laboratory testing, was used by all participating hospitals and laboratories.
Inpatients and outpatients were first screened by physicians of sentinel hospitals for ARIs and if they met inclusion criteria as follows, these patients would be enrolled into our study. A patient was considered to be having ARIs if they had: (1) at least one of listed manifestation of acute infection: measured fever (≥38°C), abnormal white blood cell (WBC) differential, leukocytosis (a WBC count more than 10 000/µL) or leucopenia (a WBC count less than 4000/µL), and chill; (2) at least one of listed signs/symptoms: cough, sputum, shortness of breath, lung auscultation abnormality (rale or wheeze), tachypnoea, and chest pain. Among ARIs patients, those with a chest radiograph demonstrating punctuate, patchy or uniform density opacity were defined as having radiographic evidence of pneumonia.
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The diagnosis for each patient admitted in this study was made by attending physicians and based on standard clinical criteria. Thus, pneumonia was diagnosed with fever, tachypnoea, chest pain, and respiratory distress where focal or diffuse crackles or decreased vesicular sounds were present on auscultation. Chest radiograph was used to distinguish pneumonia and other ARIs, but some diagnosis of pneumonia were based on clinical criteria alone. Bronchitis was diagnosed in whom upper respiratory symptoms preceded lower respiratory symptoms of wheeze, dyspnea, and signs of respiratory distress. Upper respiratory tract infections were diagnosed based on symptoms such as cough, runny nose, sore throat, and coryza. ARIs other than pneumonia, bronchitis, and upper respiratory tract infections were defined as unclassified ARIs.
| Specimen collection and testing
Respiratory specimens (nasopharyngeal swab or aspirate, sputum, bronchoalveolar lavage, or lung puncture aspirate) were collected in ARIs patients and placed immediately in viral transport media (VTM).
Collected specimens were stored at 4-8°C at the local hospital and were transferred to the sentinel laboratories for diagnostic testing.
Viral molecular tests were completed within 24 h after collection;
otherwise specimens in VTM should be stored at −70°C.
Every specimen from patients was detected for eight viruses. The distribution of respiratory viruses in males and females had no difference (χ 2 = 1.612, P > 0.05). A temperature ≥38°C were documented in 47.8% of ARIs cases. A total of 85.0% of patients were suffered from cough, which was the most common clinical symptom and 33.7% were reported to show abnormal chest radiography ( Table 2 ).
| Viral etiologies detected in different type of patients
Of all 2768 ARIs patients tested for eight viruses, 808 (29.2%) were positive for at least one virus. The median age of these patients was lower than patients who were negative for any respiratory viruses (P < 0.05, Mann-Whitney test). HRV showed the highest detection rate (8.6%, 237/2768), followed by Flu (7.3%, 201/2768), RSV (6.1%, 169/ 2768), hCoV (4.3%, 120/2768), PIV (4.0%, 112/2768), ADV (2.1%, 57/ 2768), hMPV (1.6%, 45/2768), and hBoV (0.7%, 20/2768) ( Table 3) .
Of 2336 inpatients, 29.8% tested positive for at least one virus.
This rate was similar to that of outpatients (χ 2 = 3.027, P > 0.05). The 
| Viral etiologies distribution in different age groups
All of ARIs patients were divided into six age groups. The overall detection rate between age groups had significant difference (χ 2 = 35.268, P < 0.01) and the highest detection rate was observed in young children (1-5 years, 45.3%). RSV infections were most frequent in infants (<1 year, 16.2%) and young children (1-5 years, 9.3%). PIV showed the same detection rate as RSV in patients aged 1-5 years. In older children group, the predominant viruses were HRV and Flu with equal detection rate (6-14 years, 9.4%). HRV and Flu also showed the highest detection rate in adult (15-49 years, 10.3% and 50-64 years, 8.3%) and elderly patients (≥65 years, 9.5%), respectively.
Apart from hMPV and hBoV, each of else respiratory viruses incidence differed among age groups (Table 5 ).
| Temporal trends of viral etiologies
Over the 59 months study period, there were clear seasonal peaks for HRV, Flu, and hCoV infections. HRV infections were occurred each month throughout the year during 5 years with an annual a peak in September-October (Figure 1, panel A) . Flu and hCoV infections showed a similarly circulation of one peak annually, with the peak of Flu infections was observed during December-January and hCoV during July to August (Figure 1, panels B and D) . RSV and PIV did not show the clear epidemic season (Figure 1 , panels C and E). Due to the infections of ADV, hMPV, and hBoV appeared sporadically among our study period, we did not present seasonal distributions of these viruses in Figure 1 .
| DISCUSSION
Before this study there was a similar report about prevalence of children infected with respiratory viruses in Gansu province. 15 However, that study was only based on children aged less than 12 years in 1 year, therefore we conducted the study aimed to describe the viral etiologies in patients with ARIs during 5 consecutive years in Gansu province, China. Of total 2768 patients admitted in this study, 29.2% were positive for at least one virus, which was lower than that reported in Shandong (35.75%), Shanghai (32.09%), and 22 provinces of China (36.6%), 4, 7, 16 possibly because of the difference of regions and study design. The principal etiologies detected in ARIs patients were HRV (8.6%), Flu (7.3%), RSV (6.1%), hCoV (4.3%), and PIV (4.0%).
Distribution of virus identification was similar not only in different type
of patients but also in each of diagnosis groups. Highest detection rate (45.3%) in patients aged 1-5 years indicated that ARIs still was a risk factor for younger children's health, although the mortality due to respiratory tract infections decreased more than 35% in this age population. 17 Pneumonia, a leading cause of mortality of children less than 5 years especially in developing country, 18 accounted for almost 50% of all ARIs patients in this study. Although detected in all the major clinical diagnosis of ARIs, RSV was more commonly detected in pneumonia patients. Published reports state that RSV was a wellknown cause of pneumonia in children younger than 5 years and elderly, 19 but less common cause in adults, although few study examined RSV as an important etiology due to Community-Acquired Pneumonia in this age group. 20 In contrast with previous study that hCoV primarily infect upper respiratory and gastrointestinal tract, 21 the result of our study that hCoV could be detected in 9.0% of all bronchitis may in part reflect it was also an important etiology for lower respiratory tract infections.
The finding that RSV was the major etiology in young children with ARIs under 5 years were consistent with studies from china and other countries, 6,7,16,22-26 and indicated that prevention strategies for RSV such immunization when a suitable vaccine is available in the future could have large public health impact in Gansu province. HRV, the etiology with highest detection rate in adults, was supported by previous studies that revealed common cold were mainly caused by HRV infections for adults people. 27, 28 In addition, Flu was an important virus identified in older children and elderly, which suggested influenza virus was the significant cause of ARIs for those population in relatively undeveloped region of china like Gansu province. Influenza vaccine was commercially available, such as inactivated vaccine, which was administered intramuscularly or intranasally. [29] [30] [31] However, it had an extremely low coverage rate in China. 32 We considered Influenza vaccine should be used in widespread areas to reduce the incidence of influenza disease in Gansu. It should be noted that PIV was a another major virus for children aged 1-5 years besides RSV, which was in agreement with studies conducted before. [33] [34] [35] This finding indicated that local pediatricians not only took priority over RSV infections but also paid more attention to PIV, when younger children were infected with respiratory viruses.
For temporal Trend of viral etiologies, seasonality of respiratory virus was varied in different regions particularly for enormous territory country as china. This study described clearly seasonal distribution on HRV, Flu, and hCoV. HRV infections were identified each month throughout the study period while it most prevalent in the autumn (September-October), which was consistent with published reports, 36 but different from Beijing and Shandong in China. 5, 7 The reason may be related to region's climate and demographic factors. Minor changes about influenza seasonality resulted in annual epidemic with winter peak in temperate regions. 37 This was similar to our finding that the peak of Flu infections occurred in December-January. hCoV showed an epidemic season annually in summer (July-August), whereas previous studies demonstrated no clearly temporal trends for hCoV infections or hCoV more prevalent in winter-spring. 38, 39 The difference may be resulted from geographic location and alternating pattern of viral seasonality.
However, there were three limitations of this study. First, the subtype of virus was not performed in this study and subtype data were not collected. These data could provide more significant information by age group and seasonality in various regions. Second, 
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